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Abstract 
 
The important method of current educational research is system approach, modeling and computer simulation of real systems. 
Based on author experience, system approach, modeling and simulation (M&S) has been found as one of the suitable method of 
developing theoretical knowledge in study of algorithm development and programming. The method of system approach, 
modeling and computer simulation requires contact form of education and can be applied in full time study. The problems arise 
in distance form of study because of lack of immediate feedback between students and teacher. Drawing on his experience, the 
author realized research investigation supporting the need of interaction between distance study students and teacher. The results 
of the research investigation are presented in the paper. Moreover the paper brings possible way of solution of the problems – 
using the method of Remote contact learning (RCL) as one of the suitable method in distance study of algorithm development 
and programming. The method is used in learning of programming at University of Hradec Kralove from academic year 2012/13.  
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Organizing Committee of WCES 2014. 
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1. Introduction 
 
Courses of the algorithm development and programming belongs between one of the important subjects provided in 
education of future teacher it the University of Hradec Kralove. The ability to create algorithms develops logical 
thinking skills and imagination and is an inseparable part of study skills of prospective and undergraduate teachers 
specializing in “Informatics”. Algorithms are encountered in all practical activities. An algorithm generally involves 
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defining the rules and giving the sequences of steps necessary for any activities. The term algorithm can be also 
connected with the terms like system approach, modeling and computer simulation, which are important in current 
approach to scientific, technological and professional practice. Many universities are realizing that modeling and 
simulation is becoming an important tool in finding the strategy for solving and understanding numerous and diverse 
problems. We have found that system approach in education is one of the best methods in learning of algorithm 
development and programming, discussed e.g. in Dvorak and Sedivy (2012), Hubalovsky (2012). Study of 
informatics for prospective teachers is accredited not only for full time study form but also for distance study form. 
Development of distance education goes hand in hand with technological advances. New possibilities especially in 
such areas are based on e-learning forms (Balogh and Turčáni, 2010). But new e-learning forms of education arise 
problem associated with lack of immediate feedback for students and teachers. The problems with missing social 
interaction and immediate feedback between distance study students and teacher have been discovered by research 
investigation, realized at Faculty of Science University of Hradec Kralove in 2010 (Hubalovsky, 2013). The 
problems with applying of the system approach appear in the distance form of study are mainly related to the fact 
that learning takes place largely without contact and feedback between teacher and students. There are fewer 
possibilities for development of students’ theoretical knowledge to practical skills. The subject of programming is in 
this study program divided into four semesters. In the first semester, students gain theoretical knowledge and 
practical skills in algorithm design, the aim of the second semester is structured programming, the object oriented 
programming is scope of the third semester and in the fourth semester the students apply their skill in the computer 
simulation modeling of real processes and real phenomena. The paper focuses to introduction of the theory of 
system approach to education of algorithm development as well as to implementation of method of remote contact 
learning as possible way for solution of problems with distance learning. 
 
2. System Approach, Modeling and Simulation 
 
2.1. System approach in learning of programming 
In recent years the structure of teaching of the algorithm development at the University of Hradec Kralove has 
significantly moved towards the use of the system approach. Principle of the system approach as educational method 
in training of algorithm development and programming is based on modeling of real systems and processes and 
procedures. The methodology is intended to lead the student to a problem definition, to a creation of suitable 
mathematical models, to implementation of the model through the principles of algorithm development and finally 
to realization of the computer simulation program based on rules of object oriented programming. 
 
2.2. Modeling and computer simulation 
The first step in the process of computer simulation is creation of mathematical model of the studied real system. 
The mathematical model can be obtained theoretically based on basic physical analysis of the described real system. 
The main goal of the modeling id finding of adequately description of the dependency system outputs on its inputs. 
Computer simulation is process of executing of the mathematical model. Simulation enables representation of the 
modeled real system or real process and its behavior in real time by means of computer. The simulation enables also 
visualization and animation of the problem. The process of creation of simulation model is significant function in 
educational technology, mainly in teaching of algorithm development and programming. The student has to solve 
the problem in complexity and they develop their logical thinking (Sedivy, 2012). Computer simulation model can 
be written not only in specialized programming languages that were designed specifically for the requirements of 
simulations, but also in standard programming languages and spreadsheets (MS Excel). 
 
2.3. Object oriented programming 
The process of creation of computer simulation model of real system is closed to the basic paradigm of object-
oriented programming (OOP). The basic terms of OOP are class, object, event abstraction, encapsulation, 
inheritance and polymorphism. From a system point of view the objects can be understood as open sub-system of 
whole application. Every object - the subsystem is in other hand complete system - consisting of elements (a list of 
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properties, event handlers etc.), communicates with its environment through inputs (events, parameters) and outputs 
(methods and parameters). The object-oriented approach to programming can be considered equivalent to a system 
approach in the identification of real systems, modeling and computer simulation. Using OOP, it is possible to create 
complex tasks in which students have to first define the problem, i.e. create simplified model and would be able to 
describe this model using the principles of the algorithm, i.e. determine the input and output variables and the 
process by which input data are transformed into output data. The exercises realized by the principles of OOP are 
applied in the field of sciences, in the technical field and in the humanities and social studies. 
 
2.4. Case study 
Case study presented in the following text will demonstrate modeling and computer simulation of real situation. 
Problem definition: 
Is it possible to build a leaning tower using identical homogenous blocks of the given length L so that the most 
top block will be completely placed out of a table?  If yes, determine the smallest number of the blocks. The 
situation is shown in Figure 1a. 
 Fig. 1. (a) problem definition (b) gravity center of Block 1 (c) gravity center of pair of Block 1, 2 
Figure 1 
2.4.1 Mathematical model 
 
Since the blocks are homogeneous, each of them has the centre of gravity in its centre. Block 1 (see Figure 1b) 
can be therefore moved so that its centre of gravity is located exactly above the edge of the table, thus with the 
maximum limited overlap
21
Lx  . Similar assumption can be taken for the system of Blocks 1 and 2 (see Figure 1c). 
The center of gravity of the pair of Blocks 1 and 2 is located above the edge of the table and can be calculated 
applying the moment theorem. The total limited overlap is LLLxx
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Other steps are similar. The smallest number of the blocks needed for fulfillment of the problem is four: 
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Since the harmonic series is divergent, the problem can be therefore extended in the general task – for given 
positive real number SMAX find the smallest N fulfilling the formula: 
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2.4.2 Algorithm and computer simulation model 
 
Before creation of computer simulation model, the students have to suggest algorithm for numeric solution of the 
mathematical model (2). The algorithm is shown on the Figure 2a. 
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 Fig. 2. (a) flowchart of algorithm (b) computer simulation model 
 
Figure 2 
Computer simulation model is created in MS Excel by programming in Visual Basic for Application. 
Visualization can be realized by object drawing in MS Excel XY scatter chart. The solution is shown on the Figure 
2b. Solution in detail is described in Hubalovsky, Milkova, Prazak (2010). 
 
3. Research Investigation 
 
3.1. Learning of programming in University of Hradec Kralove 
 
The education of prospective teachers specializing in Informatics is done by both full-time form of study and part-
time (distance) form of study. The students have to acquire not only the theoretical knowledge but they have to be 
able adequately transmit their practical experience in real system identification, and creation computer simulation 
program in any programming language. Learning of programming in the full-time study runs by full contact form 
between teacher and students. Full-time students fix their theoretical knowledge in seminars under the guidance of 
the techer. This is primarily caused by a direct interaction of teacher - student. In contrast, learning of programming 
in distance form of study runs mainly by non-contact form, supplemented by contact learning based on students 
need. Non-contact learning is supported by the LMS study system of the university. Although distance form of 
learning of programming is at UHK fairly well worked out, it started showing up that there are differences in the 
understanding of principles of real system identifications and principles of object oriented programming between 
students of distance form of study and full-time form of study. 
 
3.2. Evaluation of teaching of programming  
 
The goal of research investigation was compared the results of students of distance form of study and the results 
of students of full-time form of study. The determination of the student’s level of acquired knowledge and practical 
skills is programming provided by evaluation of their final seminary work. The essence of the seminary work is to 
create mathematical model of any real system (e.g. the real system mentioned in case study in previous chapter), 
algorithm of solution and corresponding simulation program in form of object-oriented application, in which not 
only application functionality but also the errors in principle of algorithm development and errors in principles of 
object-oriented programming are assessed. Within errors in principle of algorithm development - see Hubalovsky 
(2012), we perform the evaluation of errors committed by students in algorithmic structures, i.e., how the basic 
properties of the algorithm are complied. The main emphasis in the evaluation was placed on the correct 
identification of inputs and outputs of the algorithm and generality. Within the errors of algorithm development the 
errors in declaration of variables are evaluated too. Each variable should represent some aspect of the real system 
as well as mathematical model. The list of followed up errors in principle of algorithm development is evident from 
Table 1. Errors in principle of object oriented programming are the errors by which we assess how students manage 
the principles of the object oriented programming. Errors, which students engage in their application, can be divided 
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into a number of criteria (Hubálovský and Šedivý, 2010). Errors in principle of object oriented programming are 
detailed specified in Table 1. 
 
3.3. Results of research investigation 
 
Evaluation of errors was done so that if the same errors repeat several times in the computer application, repeating 
the same errors several times, it was counted only once. The research investigation was provided by evaluation of 54 
seminary works of students – prospective teacher of Informatics both in full time study (30 students) and distance 
study students (24 students). The results of the research provided in 2012 are summarized in Table 1 (columns “Full 
study” and “Distance study 1”). 
Table 1. Results of research investigation 
Type of Errors Percentages of errors Full study Distance study 1 Distance study 2 
Errors 
of  OOP 
Errors in design 
Complex classes 14 % 24 % 12 % 
Inheritance 25 % 42 % 19 % 
Labelling 09 % 15 % 10 % 
Errors in 
implementation 
Encapsulation  11 % 19 % 11 % 
Repeating code 14 % 19 % 13 % 
Working with exceptions 12 % 13 % 10 % 
Logic in the presentation layer 04 % 24 % 06 % 
Difficulty managed code  11 % 23 % 11 % 
Average percentages of errors of OOP: 13 % 22 % 12 % 
Errors 
of algorithm          
development 
E. in algorithm 
construction 
Definition of inputs / outputs 15 % 24 % 14 % 
Errors of universality 12 % 27 % 11 % 
Errors in variables Errors in quantity of variables 09 % 14 % 07 % Errors of type of variables 10 % 17 % 08 % 
Average percentages of errors of algorithm development: 12 % 22 % 10 % 
 
By analysing these results, we concluded that distance study students have significant higher percentage of both 
errors in principles algorithm development and errors in principles of object oriented programming. We assumed 
that these results could be caused by non-contact form of the learning. The result of the investigation implied that 
the contact teaching in distance study is needed. 
 
3.4. Solution of the problem and discussion 
 
The possible way that has been included to learning of programming in the academic year 2012/13 is using of so-
called Remote desktop access or Remote contact learning (RCL). The principle of the remote contact learning is that 
the tutor and the students are in each other remote online contact using special software. RCL method can be 
understood as particular type of blended learning (Hubálovský, 2011). There are several special softwares that 
enable RCL method. We used at University of Hradec Kralove the TeamViewer version 6. The TeamViewer is a 
simple, fast and secure application for PC remote control and teamwork. The TeamViewer support number of 
different modes / functions. For remote contact learning are widely used following modes and functions: 
x Presentation mode – enables transfer of teacher desktop to students; 
x Remote control mode – enables monitor student work and manage student’s activities; 
x Multimedia function – enables online audio/video conferencing. 
 
The RCL form of the education in distance study for prospective teachers of Informatics runs first time in 
academic year 2012/13. Only 10 seminar works of distance study students were investigated. The first results of the 
investigation, however, indicate a positive effect of this method in distance learning of programming. The 
percentage of errors in principle of algorithm development of the distance students decreased to 10% and 
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percentage of principles of object-oriented programming of the distance students decreased to 12% - see Table 1 
(columns “Distance study 2”). The reason for this positive decrease is probably the fact that the RCL method of 
learning develops interaction and immediate feedback between distance study students and teacher. 
 
4. Conclusion 
In the paper there was presented system approach, modeling and simulation as one of the suitable educational 
technology in developing of theoretical knowledge of algorithm development, programming and logical thinking of 
the students. The problems of this method have been discovered in distance study student. The problems were 
caused by the lack of interaction and immediate feedback between students and teacher. Possible way of solution of 
the problem is using of method of Remote control learning. 
 
References 
 
Balogh, Z. & Turčáni, M. (2010) Creation of education activities models with e-learning support. Information & Communication Technology in 
Natural Science Education. Vol. 21, No. 4, 30-38. 
Dvorak, K. &  Sedivy, J. (2012).   Design, Simulations and Manufacturing Strategy in the Teaching of Engineering Subjects , In: 9th international 
scientific conference on distance learning in applied informatics - DIVAI 2012 (pp. 83-92). Nitra: Univerzita Konštantína Filozofa. 
Hubalovsky S., Milková, E. & Prazak, P (2010). Modeling of a Real Situation as a Method of the Algorithmic Thinking Development and 
Recursively Given Sequences. WSEAS transactions on information science and application. Vol. 7, No. 8, 1090-1100. 
Hubalovsky, S. & Sedivy, J. (2010). The mistakes in object oriented programming. In: 2nd International conference on Information technology – 
ICIT 2010, (pp.113-116). Gdansk: Politechnika Gdańska. 
Hubalovsky, S. (2011). Remote desktop access us a method of learning of programming in distance study. In: 14th International Conference on 
Interactive Collaborative Learning – ICL2011 & 11th International Conference Virtual University – VU'11 (pp. 450-455). Bratislava, 
Slovenská technická univerzita. 
Hubalovsky, S. (2012). Research of Methods of a Multidisciplinary Approach in the Teaching of Algorithm Development and Programming. In: 
9th international scientific conference on distance learning in applied informatics - DIVAI 2012 (pp. 147-156). Nitra: Univerzita Konštantína 
Filozofa. 
Hubalovsky, S. (2013). Development of logical thinking in enjoyable way. In: Efficiency and Responsibility in Education – ERIE 2013 (pp. 210-
217). Prague: Czech University of Life Sciences. 
Hubalovsky, S., (2010). Modelling of real kinematics situation as a method of the system approach to the algorithm development thinking. 
International journal of applied mathematics and informatics., 4, 83-91. 
Sedivy, J. (2012). Knowledge of Mathematical Foundations of the Modeling as a Condition Effective Deployment CAx Technology. 
International journal of mathematical models and methods in applied science.  6,  544-551. 
